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— (54) Title: METHOD OF INDUCING DIFFERENTIATION OF MESODERMAL STEM CELLS, ES CELLS OR IMMORTAL- 
= IZED CELLS INTO NERVOUS SYSTEM CELLS 

^ (57) Abstract: It is found out that, when mesodermal stem cells or ES cells prepared from mononuclear cell fraction separated 
from-myeloid fluid or cord blood are cultured in a liquid fundamental culture medium, there arises induction of the differentiation of 
If) these mesodermal stem cells or ES cells into nerve stem cells, nerve cells or glial cells. It is also found out that the induction of the 
^ differentiation of the mesodermal stem cells or ES cells into nervous system cells is promoted by adding an ischemic brain extract to 
the liquid fundamental culture medium. It is further clarified that the nervous system cells thus obtained are capable of regenerating 
fT) nerve in models of cerebral infarction, dementia, spinal injury and demyelination. Moreover, it becomes possible to induce the 
O differentiation of mesodermal stem cells into nervous system cells by immortalizing the mesodermal stem cells by overexpressing 
^ or activating an immortalization gene therein and then culturing the cells under appropriate conditions. This method is highly useful 
O ' n nerve regeneration therapy. 
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(57) 5ft: 

fc 0 *&w<Djjmte. ftmm£.mmt&\,*x&i%iL#mxhz> 0 
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1 

(^~y ^ Kn ^ U T : oligodendrocyte) (Archer, 
DR. et al., Exp Neurol, 1994, 125, 268-77., Blakemore, WF. and 
Crang, AJ. , Dev Neurosci, 1988, 10, 1-11., Gumpel, M. et al. , A 
nn New York Acad Sci, 1987, 495, 71-85.), $ tc fit is a. V V'MU (B 
lakemore, ffF. , Nature, 1977, 266, 68-9. , Blakemore, WF. and Cra 
ng, AJ. , Dev Neurosci, 1988, 10, 1-11., Honmou, 0. et al. , J Ne 
urosci, 1996, 16, 3199-208.) % L < «t/V7 r V Y D V x 
W ^^^fflflS (olfactory ensheating cells) (Franklin, RJ. et al. , 
Glia, 1996, 17, 217-24. , Imaizumi, T. et al. , J Neurosci, 1998, 
18(16), 6176-6185., Kato, T. et al. , Glia, 2000, 30, 209-218.) 

ft, 5 (Utzschneider, DA. e 

t al. , Proc Natl Acad Sci USA, 1994, 91, 53-7., Honmou, 0. et a 
1. , J Neurosci, 1996, 16, 3199-208. ) 0 £ (D £ 5 >fc *B J& * Jft# t> L < 

itmAfrbmmvx, mj&t&mmKm^zzt t>*Rrt&-cf±fci^ m 
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2 

* ?*>5caij&^s»©#giiiii&-^jpiiajisic^k-rs fc#*ofe*iT^ 

S (Gage, FH. et al. , Proc Natl Acad Sci USA, 1995, 92, 11879-8 
3., Lois, C. and Alvarez-Buylla, A., Proc Natl Acad Sci USA, 19 
93, 90, 2074-7. , Morshead, CM. et al. , Neuron, 1994, 13, 1071-8 
2., Reynolds, BA. and Weiss, S. , Science, 1992, 255, 1707-10.) 

n&1(R&bM.ftltoffc\ZLfttt,V1t*) (Chalmers-Redman, RM. et al. 
, Neurosci, 1997, 76, 1121-8. N Moyer, MP. et al., Transplant Pr 
oc, 1997, 29, 2040-1., Svendsen, CN. et al. , Exp Neurol, 1997, 
148, 135-46.), $.1tm^mik£lt5Zb (Flax, JD. et al. 

, Nat Biotechnol, 1998, 16, 1033-9. ) 0 JftUffc LfcgftSO^ttfcfift 

SlsXCDfcWZlEimVtcZ b&m&ZfrX^Z (Akiyaraa, Y. et al. , E 
xp Neurol, 2001. ) 0 

L*L&V^ i^ftLtV^Sfcft, *t frg|41>£3I^TV^ 0 (Akiyam 
a, Y. et al. , Exp Neurol, 2001. % Chalmers-Redman, RM. et al. , N 
eurosci, 1997, 76, 1121-8. „ Moyer, MP. et al. , Transplant Proc, 
1997, 29, 2040-1. % Svendsen, CN. et al. , Exp Neurol, 1997, 148, 
135-46. , Yandava, BD. et al. , Proc Natl Acad Sci USA, 1999, 96, 
7029-34. ) c 

u z<Dwmzfemv, ^m&mmmzte^ §ais 

l&mb&lHmmfrft&lrZZ. b*M.mVtc (Akiyama, Y. et al. , E 



WO 03/038075 



PCT/JP02/11294 



3 

xp Neurol, 2001.). -*-fc;bt>, A <t 9 #fc#i&M©lt&Mll& (prog 
enitor cell) & ^- — US JS H (single cell expansion) L % t/U^^f ^ 
ft Lfct><Z)Srin vitrocD^-e^ ta - ^##f o t i 6 , S BttSfll 
(l-jfefc-fex miH&)k* £>9ttt.m\.-rtet>h, ~^~n ^(neuron). P 
m:|£$ilJ!& (T* hP^!) T astrocytes), #^jB»»H&(^-y ^T^Kp 
7\ oligodendrocytes) ^<Dfr{k~\&W#> btltc bfob, Z. <Z>fflU@ 

f&^fet £5 *t5„ 

2ooi-i60579) 0 i~tit>h, *%w%bn, itmmm*. *>mmv±^mm 
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^e^&BflS, 3=fcttES$lJfe^, in vitroKl^T, 

UL1ttpBM&1tofol£tcteESM$fo%, (DMEM(Dulbecco' s modi 

fied essential medium) 50%, F-12 50% x FSC 1%, bFGF(Basib fibrob 
last growth factor)l0 ng/ml^riil 0 $s;frP, EGF (Epidermal growth fa 
ctor) 10 ng/ml&igHS&jbnh 3; 7c 2 (NPBM (Neural Progenit 
or Basal Medium), 2% Neural survival factors (Clonetics), 0.2% 
hEGF (human Epidermal growth factor), 0.2% Gentamicine-amphoteri 
cinB , 0.2% hFGF (human fibroblast growth factor), bFGF 10 ng/ml 
EGF 10 ng/ml^^0^AP) fc^T, »jg Lfc£ 

-e, 5%co 2 , zrt-zmm-tz m^mmmn^tcumEsmm^m 
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5 

£ it , #m^* tc aMFVjta.^ h &m t$ fiz w-mmm^m t # * *i 5 1> 

K3l#*fflfl&, *fcfiES»ljfe5r % (DMEM 50%, F-12 50%, FSC 1% 

) 3gL<{£i&*$2 (NPBM (Neural progenitor cell basal medium: C 
lonetics), 2% Neural survival factors (Clonetics), 0.2% hEGF(hu 
man Epidermal growth factor), 0.2% Gentamicine-amphotericinB , 0 
.2% hFGF(human fibroblast growth f actor) ) \Z jo Tif^l" 5 r. t 

^ifa^*fcttEs^j3a^5,#g^^]jia^o^>fkfi^^{sii^ti5 r i & 

jILtfcS L/t 0 

{-rJb-Ctt, KM^-r^K -Sai^TVK ^ItM^TVK EM^t^ 
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6 

k m n m m « & m xh s » m & # t t? © m m \z & % u m m m ts ti z> 

o b^U b<Dffl3ZK£ <0 > in vitrot fcV^T * N d ■ — $11 J3& 

t&wb fatten tc 0 zvx, ^m^hits ^fmhrnm^^^mm 
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[2] i^T© (a) *3<fctf (b) t-K^lfflJfeSrWig 
(b) IS (a) ©*3EfcL Xattt#*«fc*5V*T 
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[6 3 #&$m&#tt£ : m£&9K: <fc 0 , ^?E{fc5tfc^£8£:fe£*i 

[7] ^jEflsate^oatfi-T-B^^fetoa^x ^^{bjee^^ 1 o x pib 

C83 ^JE^Jtfi^^^o^ 9~ tfjUS^-, X3p« 

[93 I'Kisi^iiejia^. mnsk. amo^ 

[23 ~ [83 ©v^-ffL^fclBfcO^Su 

^fe»***u*¥*ifBia^Mfc^*n«*KII#*iJfi-C*)5, [23 ~ 
[8 3 ©v^-fti^fcfil«©^fe, 

[113 ¥&iMftd-Eftf % Ufc#«**fcW:*fffii 
Sr. 20000 feVltmfcf&Ktc&Mfc+ftftmffl, 8Jfc*fc"C«£4g8B3£ 
4>SrfTVV 3jE&« % JtMl.07g/ml)&>&l. lg/mlOflSfflfc'&SftSfcfia' 
®SrlH|il5l1-5i fcfcJ: tHlltt-*- fc#T?#5«iB^HT?fe« % [13 
Sfcfi [103 (-IEm<D^fe, 

[123 c PE^#lfflJ3a^SH2(+), SH3(+), SH4(+),CD29(+), CD44(+) 
, CD14(-), CD34(-), CD45(-)©»»Sr^«j||Biat?S)5 [13 ~ [1 

13 ©v>-f^d»fcfc|B*©*fe % 
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[13] 3 3°C~ 3 8V(D&WX-igmZft? , C 2 3 ~ [12] OV^ 

[14] S^&^a^bFGF, EGF, * tc fiit A^ttffi Wl *M & 5 £ 
ir*«MS£-t-5. [1] ~ [13] OV^-ftt3&»©V^-f^A»t-IBtt©^fe 

[is] ttft^Mtt«t#ft#Mjei, w^frMJis. ws^fflns, 

Tl«jft*>6>**»J:D»tR**L6, C13 ~ [14] 
[16] [1] - (15) ©^-f tlfrlZ.mffi<Djjfe\Z. =fcoT#btt5 
[17] [16] fclBttwHenaSr^tf, tt83R*A©f&*©fc»o!>a 
[18] tfffitt*5J:tJ«*ffittojKli^m, tmtt^J; 

3&>feft5#J:5ajRS*L5t)0-C*>5, (17] ££#©»£», 
[19] [16] ^|2«c©ilBJia, *fctt [17] KfE^©iWfe£ ^ 

[2 0] >f)«tt«sJ:CJKmflltt©JK«0lft. WftfeJ: 

tf*ffi'l±©«;£&, **<K if^jfeMM, TA 

frtDttzmx vmm&iriz-bwhz, (19] tEt©?&i*fe, 

[2 1] #«-T5ittlja#^^tr3;^ htS*LTV^5, [19] 4fc 
Ht (2 0) KHBit©M2r&, £*§«-f 5*>©-Cfc5o 

*»fe^K**L5fli*iNllS^Hfc^4ii5«J»JS*#lPI«a,*)tH:BS||IJBlSr 
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1 0 

, £?8«jig*i£K:*3V<»T\ 33°C~38t ©*#T?#il"t 5 - t fc Z. *) , # 

£ iB n - ft -r s He & « m -t z . 
let** ttig^aBia^^fi^-rs. 

ttftS*5£i lC«t 0 N *#fcbfc*E£*M»tt 6 (IS (a 

))o 

«<bii, &B&PICfc2j«r#ofci&iH&&=fcr- t5: 

#ofcfimi& *&£#»II&fi, 0J;ctf, SH2(+), SH3(+), SH4(+ 

),CD29(+), CD44(+), CDU(-), CD34(-), CD45 (-) ©4#» Sr^fT 5 M 

©5Hfc©3S±fc*>3»J6©£ i ^S*-T5o 
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1 1 

gis (ftwimih) ^&nxz z>nmxhz> 0 mm%kmm\t, mz.tt. 

o 

-t^ttSC£JtoM, (2) #, Si, XlfWfeffitD^-f frfr<D'ffl 

mmj&, ~M.fci%z.fbibmj& t Lxo&nzwoMm, (3) ww&<du 

^, (4) ftftmmmxitftftmmj&<Dmmmj&. ^.Kn^fi^mmt 
Lx<D®iW*n^mu, (5) jtiLjUB^xfiitJfc-ia^^iuiE^jias it 
iz^tibmmt isXtDfemzw^mm. (e) jMfl&xteMjewiWiE 
mm, w^it^n^mmt vx^^m^w^mm^^vx^^o 

jfiu &jm<D%famife, mum. Esmm^tcitEsmm^^m^ir^ 

frb<DM]&Wi%L\Z.O^XtZ, Youngktf^jS (Young et al. Anat Rec, 
2001, 264(1), 51-62, Campagnli et al. Blood, 2001, 98(8), 2396-2 
402), j&l^k©ifHJ&^&t;iAsakurabO#fe(Asakura A et al. Diff 
erentiation, 2001, 68(4-5), 245-253), mM5B.$$fr h ©iHHJ§$fi£&teZ 
uk£ <D#&(Zuk PA et al. Tissue Eng, 7(2), 211-228), * tc s 
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1 2 

^£><£>&BJi&^ljUiDe Barik (De Bari C et al. Arthritis Rhe 

um, 2001, 44(8), 1928-1942) X?T D ^ b Z> * 

7yh, -ft, 4%, ifvK t hftif) S:»1-as % iff {<: 

37 j£ (Doetschman TC, et al. J Embryol Exp Morphol, 1985, 87, 27 
-45, Williams RL et al. , Nature, 1988, 336, 684-687) tioTp 

m»!mx>]bZ>o *%Wfcio^x\i. Z<D£ o &LTM£ttfcESM£ 

*mwK&^x, *mm#Mmiz, tf«tt*a»fe*«^ 

ttlSA^, 900gT-Jtmi-l&Cfc#itK + #ftR#[iu, *«*k:t*«43 
E3S't>&*fVV Jt*L^x Jfcfil.07g/mlJ&>£>l. lg/mKD^Bt^ftS- 

^©ifcfiwjSBfla^MSruuix-rsr tfci 9iSt5i b b^mx-hz. 

»Krt^.lilS**oJfc«fciSCfcttil*i&»5©K:+^ftl*|RISr*lfe 
U ii1!fl0~30^MSfle-e*>5. EURi-SiMll&OlfcfiW:, *mte©|ii3fei- 

zmm^mm («*.wr, tK 77K ^?*«?) tc£ o^i&l? 5 e 
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1 3 

1 5 » d ti fe {cfiJPl $ *ifcv\, 
Mc&m%7Fl£lZ, £-f, *«ft*a>&tR8^fc#tttt (25ml) * fi 
W#jfiLS:ISJ*©PBS&8EK:iS£-U it'fr (900gT?lO#ffll) U 
SrPBSfciB-S-LTlHlJfc (MMf24Xl0 7 HH/&/ml|lS) tS^ilU!) 
, il^^lr^tS, ^©i, 5 *>5mi^PercollS (l-073g/ml 

) 38 & (900gf30^^) L, «M:9-ii£ttttJ-?--5o ffllft 

oft^©fc»fc x ttfflLfc^«3»jia^if*, «*.wf, mmm (dmem ( 

Dulbecco' s Modified Eagles Medium-Low Glucose) , 10% FBS (fetal 
bovine serum) , 1% anti-biotic-antimycotic solution), (M 
SCBM (Mesenchymal Stem Cell Basal Medium), 10% MCGS (Mese 
nchymal Cell Growth Supplement), 4 mM L-Glutamine, 1% Pen 
icillin-Streptomycin) £fcf4i§^^3 (DMEM (sigma), 10% FBS 
(gibco), 1% Penicillin-Streptomycin, 2mM L-Glutamine (gibco 
)) fC^^L, iS'fr (900gT*15^F^, *fcfi2000EHEt?15^-|W) 

37^C, 5% C0 2 in air) Q 

H2(+), SH3(+), SH4(+), CD29(+), CD44(+), CDH(-), CD34(-), CD45 
▼ ^y Mf-XSrttfflt5*fe, iiHf ©•fe^y-^- (FAC 
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1 4 

» ©* Jfc -e , M ^ % © it a fclS C fc&tt £ £ «> 5 © + # l$M & 

L< fil.07g/mlj&»&l. 08g/ml©!56B (09*.fc£x 1.077g/ml) T?*>5 
o *£4gSB3£i> ©*:*©&&£ Lttt, Ficol$£-^Percol$ trfflv^ 5 r 
£ # t? # 5 tf* i ft 6 l-SSffi £ v\ 
£#09 *t\ «?^^Lfe#M^ (5-10 nl) Sr 

(L-15Sr2ml» Ficol£3ml) (900g-C15#|g|) 
^^KDHa^S (191ml) Srtttfi-rSo :i ©¥^M£-® £M©$^© 
fcfefc^^^* (NPBM 2ml) fc»£»L""C* (900gX'15^^) 

7°C, 5% C0 2 in air©*#T?#««r*^iTfH»-C#539S, #td^©^ 
T£ 5, 

*»«3Ritev^X»lia©5f:5Efl:^W:, *HJatt-£IIljft©#8<Srlfc 
9 3K1-ii«at^ffJfc"r5©K:»L,iNllJia^i© J: 5 fc08:©£8!«:*fc «5 

, ^JSWfcisWS^JE-fcJie^i -©<£ 5 *0»©^S**U3Sb 
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1 5 

O^A^-fet Uii, &*n©«*©;frifc«:JBv^ £ 5 0 fix. If 

X fcfflV^ 55 s «? s hu fr^A/*^* — LTtt, MoMLV^-T 

gftj^f Lt)t*4< xh x < ,^©±ia©*fe^t «fc t)^5E{bbfcf 

«iMJfe&&ffl L-C, Tl3©xm (b) ^ftt5ii^*5, 

j&&w^M^sfs*i-5 (is (b)) 0 
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# X U *5 X) 3 ft * L V > & m K is V ^ T f± , ?p ^ t tc * EE H # m J& Sr 
»IS^IiilM*5. 

#38BB©0* l^fili^&^Tfi, ±|S 4> «M IS * fc tt ±15 ES 

mm&X'fo tilt ft iZfflmtft^ft, $f*L<«, DMEM(Dulbecco' s mod 
ified essential medium) ife tc fiNPBM (Neural progenitor cell basal 
medium: Clonetics) Xfo2> 0 ±lSg^l&i§«tf> ^ <D®L(D$.ft t LT 
it, WfcttBRttfcV^J&S* #*L<W\ F-12, FCS, Neural survival fa 
ctors (Clonetics)«?^3j6tf fettSo - fl b <Df%%l&q> <0 9i& fc LT tt 
, 0!*.HU F-12i450% x FCSfiWCfcS. **«fc*3»t 5C0,»S 

L^tB«fc LTfi, ±»a6««j#*«fc, bFGF 
(Basic fibroblast growth factor) 3; fiEGF (Epidermal growth f 
actor) ZmU-tZo £©*§£\ ^ fl h femk T?ts?jn L X % x M^M 
bTt>J:V^ 0 ±|BbFGF^fcfiEGF<D^it £ ITIi, lng/ml~ 100ng/ml^ 
3Mf 6>*l52^ #*L<HU lOng/mlT-foSo ^TMK^M&t L 

*5«fctfEGF«:Ssan-f-5 £ LV\ 

* & 91 K *5 v > X tt , _t IB X 8£ *g £ ft *5 i * © ftii © $ # Sr ^ tr 1* £ 

Mskmrniam^M^^^ tx, ±m^mm^mm^± 
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1 7 

5Hki- 1 Mfflgk±&mx'3bz>&,mtoi-z> tt>-r fr&n xmm& ^mx 

npbm (»&#&ui&ffljg«$o kjo*., *^^^^^if-tra«^t^ 
$k#>, tis-fuv-y -i ji-?~fcxmmj$ j ft*m£;-rz> r <t -e^ifajgtttH 

nmftmm. nmmmm^, nmmm, tuttzrvr 

fcW\ »fc«|Rtt4v>. ffllStt^ ^jgbfc^ji (N 
eurospherefltjH) t? £> o T t> , J&££Sli:tt# LfcsRtBTffcoT t> J: 
o LTti, ;i/3«-r^^f^^>a(non-co 

ating dish^^iMf £>tL§ 0 
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DMEM(Dulbecco' s modified essential medium) 50%. F-12 50%. FSC 1 
%) ^L< (NPBM (Neural progenitor cell basal medium: 

CloneticsK 2% Neural survival factors (Clonetics). 0.2% Gentam 
ycine-amphotericinB, 10 ng/ml hFGF) iZ.^.x.X, % B ~4jI 
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1 9 

mm (M&mmt Lxa, mmm, it/*«ttoM 
•ewe, 0g*.tf, f *ttssj:^*«rtt© 
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2 0 

#38WfcJ:*Mf, vw^v h&MOs 0B*.tf, #it$U KHMu * 

a * f i o is * ffl wi m a 5(5 © jfn is & fij ffl 1- 5 ^ fc t> «r m r* & s . 

5. 

1 : Lfc^ (crude fraction). 2 : fcSiSfSL 
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2 1 

^-fett, wunMHStui", mmwt^, iMf*!&-£ N 

l * * w l % i ©stusiHi m»» -ca»a ai- s n t k ± 

. f»BrJfc#©*-eSFt?fc*, •WltifSr^I-e^ S^T'^figT-feSo 

© $£i jfb. © x © * m t * 9 % *s « -? © « & & *r m x & 5 a 

**~) £ L-CfllfflfS ft 3. 0d;£HU tffittfc- 

%m&mi&, (m -71%%!?) 

<5o 



WO 03/038075 



PCT/JP02/11294 



2 2 

~XhZ>Sm*%$iLXte^Ztf (A), nm&Mti&Vi'-iJ-X'hZn 
estinitmmX'frS (B) 0 f**fc#TT?©$Mb8ii&«* 3^*^»K:t># 

itV (Ch #fi#i»Bll&©^-;&-^&5nestinttB&tefc 45 (D) c X 
fr-/Us<-i$^ A, B-CttlOjam&^U C, D Xlt200tx m£r^-f 0 

l-iftt^ftilt5^ (A, D K hot^ h (B, E 

), ty^fyKPt^h (c, f) --^fttsri^^tfXtfc 

-So DfJNSE (neuron-specific enolase) , E fiGFAP(glial fibrillar 
y acidic protein), F fiGalC(galactocerebroside) Lfc^ 

*>5> SSr©X-galT?«iaii-Sig^uilf6Sr»fei-5 0 LfctfoT. 
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»tttf*9*. m (a), si (b), mm (o ©^t>*£u 

A, B, C, D, E, Ffd&ttSx-Jr-vl^ — A, B, C-Cf4200 
MmgrTFt, D, E, F "CftlOM m^r^i- 0 

WSiLfc?XX^5.A, B, C, D, E, Ffc*5tt<5x^-,w 
^-tt, A, B, CT-te250 M m£^U D, E, F "ettlOjti m£^-f 0 

H6f4 % ES»IJte^e,B|«Lfc#fiE»ittljia^ % nestinUtt©^ =, - n 
X7 (neurosphere) <DZfMX*h % „ 

H9» % f JKH#«IJ&'(«Jft#* : primary culture) , hTERT^A 

BlOtt, MBRT*AK:J:9 3F£fcLfc*EI*#lijtt (A) <b , 
ftLfc^E^#«Wfi36^^il#§ti / fc||gJ»jBej& (B :0il Red 0 Ifefe 

Blltt, hTERTigAfcJ; 9*mfoLtc*mM&mti& (A) £ N ?F5E 
^U^^K^M^&^gi^dtt^tt^M (B :Alcian blue 

012fi, hTERT*AKlJ: D^JBflsLfc«f»K*#«iJS (A) fc % yfft 

fcisit*mm&mm>bft4t®mztiitiir&mm (b : von Kos Sa 
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^13(4, hTBRT*Afc±9^JEflSUfc«*»KH#3(|llfi*»e>^flSlli»L 

tcftB-&Mf&frbw.KftimmvtcKSEm&o&mmj& (a) ^gfaph 
feoyvrmm (b) *:^*-«E-efc5. A-cfi2o 

tin, &m&mnGL&m&&tiitz.b&jFir^n-?hz, ab\ hTE 

10 jcz m ; lr^-t" 0 

fc*S**^1-¥^E-C*>S„ Neural Progeniter Bas 

al medium / Non-treated DishTrit* L , 48B#W& Kl jggl Lfc i £ 5* 
t t> TsrH-efcofctfS, MSC-hTERT, Stroma-h 

TERT N PDF<D^neurosphere$l3:MLfe: 0 

7t#. total RNA&PSU RT-PCRlJlTNestinOlS^SrflfeR t fc^MX* 
fo%o is Aft s DMEM-10%FBS: culture dish, B&NPBM: Non-treated 

-Dish / lday, CJ4NPBM: Non-treated Dish /2day N DI4NPBM: Non-tre 
ated Dish /5dayT?fc5 0 NPBM{4 N Neural Progeniter basal medium?: 

m 1 8 tt.itscfrbmmvtcnm&MJ&&&&Mfo^fr<kLitM**K 



WO 03/038075 



PCT/JP02/11294 



2 5 

T-PCR-C?|^. Lfc^X-CfcSo ±©f*GAPDH(GAPDH£ internal control 
b lsXtizm)X*ffilEVtcm3k, Tlft=i-P70^h (NF) ©f 

Iffl US (Neural Stem Cell). 3 }4MSC-hTERT N 4 teStroma-hTERT. 5 {4P 
DF-hTERT, 6 teMSC-hTERT BHA, DMSO, 7 teStroma-hTERT BHA, DMSO, 8 
tePDF-hTERT BHA, DtiSO, 9 iiMSC-hTERT NPBM(-). 1 0 {SStroma-hTERT 
NPBM(-), 1 1 flPDF-hTERT NPBM(-) % 1 2 J3NSC NPBM(-) PDL/laminin 
, 1 3 ttMSC-hTERT NPBM(-) PDL/laminin. 1 4 liStroma-hTERT NPBM( 
-) PDL/laminin, 1 5 ttPDF-hTERT NPBM(-) PDL/laminin&lt-t- 0 
HI 1 9 J4 N MSC-hTERT \Z. Nestin # Positive fcfeS t , EGFP 

MSC-hTERT fi^S^iiJlS^^^'fb^^Bli^filSmLrVN^^ofcEG F 
if^ttEGFP &&3§mi-3 J: 5 i^^^^ttfco 
HI 2 0 te, RT-PCR^TMSC-hTERT©Nestin^^Sr5|^ L7c^X"Cfc<5 
o U—yi ; MSC-hTERTlCNestin 3: 1/ — /-fn * — $ -EGFP£^ 
A UfciSifflJ&, U—y 2 ; MSC-hTERTfcNestin xyAyf-/7'n^'-^ 
- EGFP£»ALWgMJ®-#ftff«Lfc$B]& 0 

ti h mmm m m £ ti z> t> <d -e a 4 

[iMIl] ¥#JHlB£a&J:tf4'EaUMRJ&®M 
,(i) ¥#M5m&J:tjKtt¥;|*Mft&H0J&£tt 

(*3j:tffc h) j5»k^llLfc$8l|&ir>://U£. Ficol 3ml£-£ 
^i-5L-15»illl(2ml)«t>fc*RLT, (2, OOOrpm, 15&IH) Ufc 
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(Neural Progenitor cell Maintenance Medium) : NPMM) l^-MM L , 
* £>fcliI'L>#$i(2,000rpnu 15#ffl) Lt, ±}f^£8&*L, tfcfcLfctt 

o 

&7t, W&UUft~m%, iSHiR 1 (DMEM (Dulbecco's Modified Eag 
les Medium-Low Glucose) 10% FBS (fetal bovine serum), 1% anti-b 
iotic-antimycotic solution). JgtUft 2 , 3 4> 1? , 37°C X 5% C 

(2) ^K^uajfe 

±15 (i) tsatt©*-j£T?ia»Lfc^»ijfi^iii, ^tcimmmmm 

ftmOtB^Wtfrh, SH2(+), SH3(+), SH4(+), CD29(+), CD44(+), CD1 
4(-), CD34(-), CD45(-)^<D#m ; £:;pi'-r5M£. £t{££l£ffl LTttffi 
Lfc„ jlS'J^&fi, -r^^ y h ^X^f|f5^ v *fcti x S3?© 
i?/wy-*- (FACS^) Sr^ffli-S^ffiSrM^fc. 

0.05% trypsin, 0.02% EDTA) , ^fi, 5#Pb1) tiottt^l, ^fi© 

&^T% 600m^-e5^^«^Lfc o ifclRLfclBJftfcfcr^y htfKv^rf 
fc 0 &l^T*, $rLV^#fj£l (DMEM (Dulbecco's modified essential m 
edium) 50%, F-12 50%, FSC 1%, Basib fibroblast growth factor (b 
FGF) 10 ng/ml£rig 0 WiM, Epidermal growth factor (EGF) 10 ng/ml 
£510 85 JB) *fc«ig:S£ift2 (NPBM (Neural progenitor cell basal m 
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edium: CloneticsK 2% Neural survival factors (CloneticsK 0.2% 
hEGF (human Epidermal growth factor) N 0.2% Gentamicine-amphoteri 
cinB , 0.2% hFGF (human fibroblast growth factor), Basib fibrobl 
ast growth factor (bFGF) 10 ng/mltrS 0 W*M^ Epidermal growth f 
actor (EGF) 10 ng/ral£jg 0 WiM) * (on-treated polystyre 

ne dish) l^&^T, i?lLfcS*©ttIt, 5%C0 2N 37°C ^MB 

( 2 ) *mm#toii&fribwmmf&*y v rmm^omm 
mmisX^z>*mm&®im<o%%wz. $fL^it**& (DMEM(Duib ec 

co's modified essential medium) 50%, F-12 50% N FSC 1%) M L < fit 
i##f^2 (NPBM (Neural progenitor cell basal medium: Clonetics) 
N 2% Neural survival factors (Clonetics) , 0.2% hEGF (human Epide 
rmal growth factor) N 0.2% Gentaraicine-amphotericinB N 0.2% hFGF 

±ie (i) &£x$ (2) <D%&\ciz*mM&'mm>bwm%m]&~- 

nm&'mffo<D -?-*-XhZ> nesting h t t> £ Ittth ^O^t>«9. # 
mWffll&0^ — *-Xh5nestintfWi&ttJ:Z>Z.bXfi<>tc (12 1 ) 0 

neurosphere)£^/&Lfc (HI Do *fd, * W#S#iteJ}&^ b , W^lffl 
j& (NSEUtt) ^yvrmifc (GFAPUtt) &5HtLX< 5^ £ fc*6f§.b 
fc (H2) 0 
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(1) AjfiUHftlffiKOfftH 

W) Biz 7' %W Air % a ft.lz%>b%lz.®ffi*A}i. 
"a***S:3^IW*«6**, J&ik£tTofc 0 4~5 

tf^7S'hJ;t)*li> flHSrJKttiU £jjt£Ti~2 mmgg©/h$J# 

»U JB»ifc«:fHKLfc 0 fcV^ aftft*&&*C:&U 800 rpm 
. 5&m&>bftm*ftl<\ ±?f^£ft«>fc 0 0.22/xm©^ ^ \s>7 4 A, 

(2) tt£*EH9MV& (msc) ©#&#8US^©#fbfli* 

MSC$Bjjtii 5: 100 mm non-coating dish(IWAKI) N conditioning medium 
(3&& : SUfiB) s 37°C 5XC0,©&#K:Ti8*|«:i(BHRL;fc. 90% confluen 
tt\/Uy-;Hf^5/ h"CJ&*SS:!Rv^t) , Dulbecco' s PBS*C3tlI V 
>XLtc 0 0. 05% Trypsin, 0.02% EDTA in PBS^2ml^BKL. ffllftdStt 
dS^S^-C37TC-C2~5^W^ y^ra.^- h Lfc, conditioning medium 
^r2ml^Px., Trypsintf>&J&& £ &fc„ ± fit 38 J: tffBJ tf* ft #PI y 
-A/tT^y htt, m'b^KMtb, ftHHf^-f ^bfcfc* 1000 rp 
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< C£ifi*-C*5V*fc50%NPMM, 50%^JkJ3^tttfcS^i#tfe{C^ £ % 37°C, 5%C 
02£>&fl : T\ 100mm non-coating dish(IWAKI) -CS*ifi*tt Ufc. bFGF 1 
0 ng/ml&it/EGF 10 ng/ml&S P Ltc 0 

Ltit (13), mZk*?*' (0 3), ( 

H4), fitt^r^ (0 5) -e©tfe$t©*£*. JB*»6>«iW • 
[XttftlB] EsM^b^MM^©5Hfcff« 

£ *ES$BJi&£rl00 mm gelatin-coating dish(IWAKI), conditionin 
g medium 20ml (DMEM, 10%FCS, 100 ja M 2- 1 jVil -f h x. ^ / — /I/, 100 
0 UNITs/ml ESGRO(CHEMICON)), 37°C 5%C0 2 <£> ^# SrlS^ L fc 

. 90% confluents, S'-A' y h^SftSrRV^D , PBST"3 

HI 1> Lfc 0 0.25% Trypsin, 0.03% EDTA in PBS $r 2ml^JD x. , $BJ& 
3&Sri#ft3*-C37'CT?2~5#|ffl4' y^a^— h L/C 0 FCS£400m l^JP x. 
, Trypsin©£/&££&fc„ ±J**3 J; tfid/5S*lfc&Ilfl&£/-?X 
V bKX, JS&flffc*** ft0tr^y-f ^Lfc^. 1000 rpm 
5*'C?#|«*fTofc 0 ±f#£3#T, NPMM^*^#«Lfc 0 37°Cfcjfi£-C 
*3V>fc50%NPMM % 50%AjfiLJBttaj«#«lK:*#, 37"C, SXCO^&ffcT 
, 100 mm non-coating dish(IWAKI) X'&T&ig^ Lfc. bFGF 10 ng/ml*5 
<£ t^EGF 10 ng/ml fritB W>MLtc 0 

[£lfcff6] «^©hTERTiit&^<D3||A 
UlTJ^ *hn-^?iil& (stromal cell) ^hTERTitte^ At 6 
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i. mix* b *—?mmoW:WL 

ft ah *>nt>ti±itffimomifrt>%.mmftmL, m 

J£&ir>^-5> h (hTERT) KrSfcfc^&flJV^fc.hTERTOEflltt 
\ #!l;Uf, Science 277, p. 955-959fcfl2iS $ fhX V^ 5 . IK, ffliJ&<Z>ft 
fttiStSlfefc LT&kft-Cl^, ^fcNDrasite*, SV4 0 

3. * b v—-?'ffl!i&^<Dmfc7-mAfcm^Z,s<? 9— (0 7) pBABE-h 
ygro-hTERT (Dr. Robert A We inberg «fc <9 #£-£•) its pBABE-hygro-hTER 
TfiProc. Natl. Acad. Sci. USA vc-195, pl4723-14728<*> (CfBit £ tLt 

t *3 9 x pCI-Neo-hTERT-HA «fc 9 PCR {£ X # fc hTERT EcoRV-Sall fragmen 
t?rpBABE-hygroKcloningbfct>C01?fcSo pBABE-puro-rasV12 (Dr. S 
cott W Lowed* ttv Cell, 88, 593-602, 1997KEit<^*"feT?PM 

£*tfc 0 pMFG-tsT-IRES-neofiMFG-tsT(pZIPtsU19{Dr. R. McKay^kH 
V>/tt>©} «fc 9 cloning U-CMFG^^ * — \Z.B.fr&A;tiih <D {Lab. Invest. 

78, 1467-1468, 1998}) KIRES-neo(pRx-hCD25-ires-neo {Human gene t 
herapy 9, 1983-1993, 1998} b W V tti bfc) <£>BamHI fragment Srclonin 
gLtffjjJLfc. 

4. i/fn t> ^ ^^gfemjaof^Kt otitis ^-r /^©iiu rgij 

#0 & tfif It* m ¥±*t)j C T *5 £ fc o fc (P58-62) 0 

^flcftKlttx B0SC23/<$> ^ — S?y (Proc. Natl. Acad. Sci. U 

SA, 90: 8392-8396, 1993) V>T , ft.<D «k r> t, ¥CRIP^° y fr — 3? > 
^;j$J&(Proc. Natl. Acad. Sci. USA, 90: 3539-3543, 1993) £f£j&L 
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4-1. u h n pj/vx^? ?—m±n<DftM 

( i ) B0SC23M£l0cm dishiC h y 7x^-> 3 V <D 18~24H#P^ iff 
^5.5xl0 6 '(@}iV^c o 
(i i) 15/x g(DDNA(W h P !>-T i?— ){COPTI-MEM(Gibco/BRL) 

^8oom mfrteMz., MftLmzmmistco 

(i i i) $^fc^i-^^OPTI-MEM^750M 1U V , LIPOFECTAMI 

NE(2mg/ml Gibco/BRL) £50 /it lflP X.T $ o < t)Mtriglfc 0 
( i v) A$£#dM;iBimcmi?C$£p§!lU ^?a-C30~45^^mUfc 

o 

(v) B0SC23M%fci;£3!k FBS£|^fc37T:cDJ#iffiT*lg?5fco7t: 0 
(v i) C«(l. 6ml)Sr#^tB0SC23JHBl&K:anx.fc o 
(v i i) Mfc. 2. 4ml©0PTI-MEM£?jPx.fc o 
( v i i i ) 5B#|ffU 5»C0 2 T"CW ^^r^-<- h Lfc„ 
(i x) 4ml©20%Jte#£ Vjfci&Sr-g-tfDMBIlSrfln*.* lgfe-f ^ * a. h 
Lfc. 

(x) 10%l&ilB'>^J(iL»Sr^tf37'C©»lfitcift^., IPH^fc^y^r—^^ 
^jKBJS"C&$ ¥CRIP3rl0cm dishKll~2xl0 6 MV^fc: o 

(x i) 241* IB ft x BOSC23j|Bl6©««lS:0.45Sfctt0.20/tm©^!; ^i? 
7 w yi/*— -tfi&ii ¥CRIP©M£5ml£>ati& Lfc^ifet^^mUfc 0 
HB#t*° 'J :/ l/y (Hexadimethrine Bromide, SIGMA H-9268) £8 m g/ml 

( x i i) ±~2mm%w&, 5nKo^m*iM7L. z ibt-m%mv± 0 

(x i i i ) HS3W»JRfcfiV\ u h ta ^/v* 5 ¥CRIP$BJfetf5 
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RIP/P131) -CJtSt**, x h n— rJWflSfcJtfto i. SlzhJyx?^? 
l/-al/ (transfection) Zflfc (08), 

h9^^7ac^i/ 3 ^Srfr5lffHfc» * H p — -^&HI!{2£r5xl0 4 
cell/ 1 0 cm dish ft 5 J; 5 {cflltft*3 U 1/ h p a** SrSffe-f* 
5 #CRIP/P131Oi(fJflSrl0X^i/jfcjt'g'^rDMEMa»fel2. 5%^fi{b £ ^ifo-if 
12. 5%##<(tJ&iS ? iXil^/2-Mercaptoethanol/hydrocortisone-g-^ a - 
IIEIIO#Hjfcft*.T**-**5. 3 0 fcJ&*.hi*&0. 20/im7-f ;U^-"C* 
iiLr^y^I/^ (polybrene) 8 /i g/mlfcft S J: 5 *. 

■^*ffll& (stromal cell) fc«ffe$*fc. 4 B#M^i#il:±f#&#r L V^igife 
tlftt-C § e>K2H|R!J&4lLfco ^tf>^, pBABE-hygro-hTERTfi/^ ?n 
T<i v/^IOOm g/ml-C5 0 ffl, pBABE-puro-rasV12{4 tT a *- D W i^l 
Atg/mlt?5HM, pMFG-tsT-IRES-neo«G418 lmg/mlT?5 0 ffl -t ft^ft^ 

Jfiffefcti, 3@^(D u h p (1) nyfp^ 

, ( 2 ) pBABE-hygro-hTERT^^ ? — <Dfy, ( 3 ) pMFG-tsT-IRES-neo^i ? 

(4) pBABE-puro-ras-V12^<^ ^ — O^., (5) pMFG-tsT-IR 
ES-neo / pBABE-hygro-hTERT 2|©'<^'- v (6) pBABE-puro-ras-V 
12 / pBABE-hygro-hTERT 28© / <^ (7) pMFG-tsT-IRES-neo / 

pBABE-puro-ras-V12© 2%(D^<? , (8) pBABE-puro-ras-V12/ pM 
FG-tsT-IRES-neo/ pBABE-hygro-hTERT© Sl©^^-, T*Ji^ 

o 

^ o -e t # sit? # 5 $ fi ^ 5 o 



[HJ609 7] ffl£$#fti]iB:0£-fl:fg 
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ftHJ& (mesenchymal stem cell) © 5Mf^JiU$#M© £&#t L 

, io**nfl2i&iia«>'>jfc.«f^^rDiiEMfcT-i!fe#*. SB <t vtt^mm (a 

dherent cell) £*&*1-5„ 2a&fcT-E (Ml^y-EDTA) tt 
»fi*liIftL*:t)©ft«Iftmili*#jWiai: LSWLt ^©^hTE 

RTat & =f- © m a $ n fc ^ ?e {b Ff3^ ^ ^ s& t © m m a $i & Jt i& u tc 0 1§ 

m&H 9 B 9 J: 9 « a>fc J: #Jftlia£3&#i&ll]|&r±42B1H: 

ftjfcl 7 (PD=17)-C H3JH<l#gg©#lt (crisis) ^fi^ofe* , *JEfcflBf|l 

&#»JfiH:270HiH:tf;#5 4 (PD=54)&i&Lfcm : &-et>^Sji«i5 s S< 

cell line) L L/c t> © <t # X. *l 5 0 

*K:f^|lLfelS*^#tta& (mesenchymal stem cell) ^#5Mkfg£ 
L X ^ 5 ^SrtfeW b/c 0 

(1) £f\ 1/tll f^ft^t^^ (dexamethazone), 60mM^^K* 
?*/y (indomethacine), 0.5/iM 

*f-V (isobutylmethylxanthine) , 5 fi g/ml V^a I) y (insulin) 
«rfflv*T, JKJ»*HJ&^©3Hb«rR*Lfc Q *&iHIH©i&ti& Oil Red 0 

(2) Sfc, 1/tM X^f-^f-^/V (dexamethazone), 50yg/ml 7^=" 
/Hf^8S-2 - !J (ascorbate-2-phosphateh 6.25 /z g/ml -f V 
a U y (insulin) , 6. 25 p. g/ml h7>^7iFy (transferrin), 5. 
35 /tg/ml-fc U'Vift ( selenic acid), 1.25 mg/ml !)/ (linol 
eic acid), 10 ng/ml TGF- 0 £ /B T , tt»^flsSrR# Lfc 0 2-3aiW 
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Alcian blueX^fe £ tl± 0 ) tfSS l*J <£> = 

^ Ko^v-as* (01 Do 

(3) J5R1 % 1m Mx^I^ f-y y (dexamethazone), 50/zM 7Xn;Vtf 
>-@?-2 - V (ascorbate-2-phosphate), lOmM & -fV±ti7*X 

74 h ( 0 -glycerophosphate) T* % #5Mfc L fc 0 2-3 weeks<Di§ 

von Kossa2kfe-C^£,£*lfcU f^Sr® 1 2\Z. 

(i) *mm&mm>bftm&Mm^(omm 

(KHI (0.05% trypsin, 0.02% EDTA) , 5#KI) ttot 

tt#U ill*., ISt^yf^^L, *-*UB*"T?^ 

7^7tLfc 0 #^-c, goog-cs^Mjfi'fcbfco «t«LfcHajiasr tr^y 

hXSU^iCf fc„ &V^Tr, $fbV^*ij£l (DMEM(Dulbecco* s modified 
essential medium) 50%,. F~12 50%, FCS 1%, Basic fibroblast growt 
h factor (bFGF) 10 ng/ml £ri£ 0 MM, Epidermal growth factor (EG 
F) 10 ng/mlSrSB MM) $.tci$m^W2 (NPBM (Neural progenitor c 
ell basal medium: Clonetics) , 2% Neural survival factors (Clon 
etics), 10 ng/ml hEGF (human Epidermal growth factor), 0.2% Gent 
amycine-amphotericinB, 10 ng/ml hFGF (human fibroblast growth fa 
ctor), Basic fibroblast growth factor (bFGF) 10 ng/ml Sr^ 0 MM 
, Epidermal growth factor (EGF) 10 ng/ml £ it B MM) , Jg^^St ( 
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on-treated polystyrene dish) fcfcV^ b tz. £ £ (D $fiT% 5% 

C0 2 . 37 < CT:*g ; ft£$lg£L7c 0 

^ B^Mffe <D *r - # - T? h 6 SH24»SH3dS m *. (#i^#*fflJ& O t - 1> - 
-Q h -5 nesting t> f> i , *©ftfc>9 , ft&&M]t&<D-?-i} 

S> 5 nesting Rttfc &5 r. fc-C^ofc (013) „ 

neurosphere) fc^Lfc (13 7) . *fc, rOttl^iJS^^ 

J3S (NSEBItt) ^rVTMlfc (GFAPB&&) ^fttt<«ri:ttBL 

fc (014) „ 

(2) *KS#HBia*»6«iamjfi^^y rj*ja^©if* m 

iM^TV*$±|B©*lEE£#*IBl&©*MlfcS^ *rL^J£*»c (DMEM( 
Dulbecco's modified essential medium) 50% % F-12 50% N FSC 1%) ^ 
L<fii§il?&2 (NPBM (Neural progenitor cell basal medium: Clon 
etics) „ 2% Neural survival factors (CloneticsK 10 ng/ml hEGF( 
human Epidermal growth factor K 0.2% Gentamycine-amphotericinB 
, 10 ng/ml hFGF) «X.T, »4lPlg^lt5^tiot, *K 

(3) TiMtt^otlV [2] 

r 1 1> Ritg-efes, #ijifi^^ov>-cfiji*©5:itfcSiCTff ofc(jo 

urnal of neuroscience research 61 : 364-370, 2000) 0 $. f MSC KY 
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hTERT<DMM«*Tofc 0 jftfc&fcttv 10 cm dish-efc h C #>fg 
^ L, 70-80%=i isy/ua^ls r-©B#£T-, ±fl(fSr!ft5K PBS 5 ralfgfe^ 
, Trypsin-EDTAl ml & jbH £ T\ UH £ HI J& L fc „ 210 g, 10#<D^>L>T* 
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